Abstract. The safety of single-incision laparoscopic surgery (SLS) in elderly patients with colorectal cancer has not been established. The aim of the current study was to compare the outcomes of SLS and multi-port laparoscopic surgery (MLS) and to assess the feasibility of SLS in colorectal cancer patients aged ≥70 years. A retrospective case-control study of colon cancer patients undergoing elective surgical intervention between 2011 and 2014 was conducted. A total of 129 patients with colon cancer underwent surgery and were included in the analysis. Data regarding patient demographics, surgical variables, oncological outcomes and short-term outcomes were evaluated for statistical significance to compare MLS (n=79) and SLS (n=50) in colon cancer patients. No significant differences were observed in patient characteristics. No case required re-admission within 30 days post surgery. The mean surgery times were similar for the MLS and SLS groups when cases with left and right hemicolectomies were combined (207.7 and 215.9 min, respectively; P= 0.47). In addition, overall perioperative outcomes, including blood loss, number of lymph nodes harvested, size of the surgical margin and complications, were similar between these groups. Thus, we suggest that SLS can be performed safely in elderly patients with colon cancer.
Introduction
Colon cancer is a major cause of mortality worldwide, and is the leading cause of cancer-associated mortality in a number of developed countries (1) . The number of colon cancers requiring surgical intervention continues to increase due to the prolongation of life expectancy in many nations (2) . Recently, multi-port laparoscopic surgery (MLS) has been adopted more frequently worldwide for the treatment of colon cancer. Compared with open surgery, MLS has been associated with less pain, a quicker recovery of gastrointestinal function, improved pulmonary function, shorter hospital stays and a better postoperative quality of life (3) . In addition, single-incision laparoscopic surgery (SLS) has been successfully introduced for colon cancer treatment (4) (5) (6) (7) (8) , and has become a more commonly used surgical option.
These procedures, when used for elderly patients, must be selected with care, considering the magnitude of the surgery and the predicted risk of hospital mortality (9, 10) ; however, postoperative morbidity and mortality increase with age (11) (12) (13) (14) (15) . Several studies have reported that MLS demonstrates oncological results and surgical outcomes comparable to that of open surgery (16) (17) (18) (19) (20) (21) (22) (23) . However, in the elderly, although MLS is reported to be non-inferior to the open procedure and may be an acceptable alternative in elderly patients with colorectal cancer (24) , no study has investigated the feasibility of SLS in elderly patients with colon cancer, with the exception of one small study (10) . Therefore, the critical issue of whether SLS can benefit colon cancer patients of advanced age as an alternative to MLS remains to be elucidated. The purpose of this retrospective study was thus to determine the feasibility of SLS in the elderly.
Materials and methods
Patients. Between January 2011 and September 2014, 378 patients underwent laparoscopic surgery for colon cancer at Yao Municipal Hospital (Yao, Japan); 129 were aged ≥70 years. A retrospective case-control study of these 129 patients who underwent elective surgical intervention for colon cancer was conducted. The MLS group consisted of 79 patients in the first half of this period, and the SLS group consisted of 50 patients in the latter half of this period. All procedures were performed by staff colorectal surgeons who were highly experienced in MLS or SLS. Data on patient demographics, body mass index (BMI), American Society of Anesthesiologists (ASA) class, tumor location, tumor size, personal history of prior surgery, surgery time, estimated blood loss, number of lymph nodes harvested, length of the resected margin, conversion to open surgery, insertion of an additional port, perioperative complications, morbidity and length of hospital stay were compared. The present study was approved by the research ethics committee of Yao Municipal Hospital. Written informed consent was obtained from the patients for publication of the present study and accompanying images.
Surgical technique. MLS required five ports, with the first 12-mm trocar in the umbilicus or a Lap Protector (LP; Hakko, Co., Ltd., Nagano, Japan) as a camera port, another 12-mm trocar, and three 5-mm trocars. The trocars were inserted in the upper and lower abdominal quadrants on the right and left sides, under laparoscopic guidance. The camera port was expanded to extract the specimen through an incision of 4-5 cm, as previously described (17, 25) .
For SLS, an LP was inserted through a 30-mm incision at the umbilicus. Following this, an EZ Access (Hakko Co., Ltd.) was mounted on the LP, and three 5 mm ports were placed in the EZ Access. The surgical procedures and instruments were the same as those used for standard laparoscopic surgery with a flexible 5 mm scope (EndoEye Flex HD; Olympus Corporation, Tokyo, Japan). An additional incision or trocar port was placed without hesitation, if necessary, to complete the procedure, and conversion to open laparotomy was maintained as an option. The decision to use an additional trocar or to convert to open laparotomy depended on the staff surgeon. For lymphadenectomy, a complete mesocolic excision (CME) with central vascular ligation (CVL) was performed (26) (27) (28) . The final incision was extended to a length comparable to the size of the specimen.
Right hemicolectomy. The patient was placed in the Trendelenburg semi-left lateral position (29) . The surgeon and camera operator stood on the left side of the patient. For MLS, the assistant stood between the patient's legs. In both groups, the procedure was performed via an inferior approach, with initial peritoneal dissection between the mesoileum and the retroperitoneum. Following mesocolic plane resection, the duodenum and pancreas were sufficiently exposed, and the ileocolic, right colic (if necessary) and middle colic vessels were ligated and dissected between clips at their origin to allow CME and CVL (Fig. 1) . Following the dissection of the greater omentum, the hepatic flexure was mobilized. The specimen was retrieved through the incision of the umbilicus, after which an extracorporeal, functional end-to-end anastomosis was performed.
Sigmoidectomy and anterior resection. The patient was placed in the Trendelenburg semi-right lateral position. The surgeon and camera operator stood on the right side of the patient. For MLS, the assistant stood between the patient's legs or on the left. In both groups, the procedure was performed via a standard medial-to-lateral approach. The inferior mesenteric artery and the inferior mesenteric vein were skeletonized, clipped and divided for CME and CVL (Fig. 2) . A downwards dissection from the mesenteric window to the pelvis was then performed. The next step was mobilization of the sigmoid colon up to the splenic flexure. The descending colon and sigmoid colon were pulled anteromedially to ensure preservation of the left ureter and gonadal vessels. The fat surrounding the rectum for ≥50 mm distal to the lesion was dissected and then normally transected using an endoscopic linear stapler (Endo GIA™; Medtronic, Minneapolis, MN, USA) with a purple cartridge inserted from the umbilical port with a 12 mm EZ Link (Hakko Co., Ltd.). The specimen was retrieved through the umbilical incision, and the double stapling technique was applied for anastomosis.
Statistical analysis. Data are presented as the number (n) per group or as the mean ± standard deviation, accordingly. Statistical analysis was performed using commercially available software (SPSS version 14.0 for Windows; SPSS, Inc., Chicago, IL, USA). All variables were evaluated using a χ 2 test or Student's t-test, as appropriate. P<0.05 was considered to indicate statistically significant differences.
Results
Patient characteristics. Patient characteristics did not differ significantly between the MLS and SLS groups: Age, 76.6±4.8 vs. 79.6±12.5 years, respectively, P= 0.73; BMI, 22.4±3.6 vs. 22.7±3.7 kg/m 2 , respectively, P= 0.68. No other clinical variables, including ASA status, tumor location and history of prior surgery, differed significantly between these two groups. In addition, comparison of these variables between groups on the basis of the tumor location (right and left colon cancer), no differences were found (Table I) .
Surgical outcomes. The surgical statistics are listed in Table II . All surgical outcomes, including surgery time, blood loss, hospital stay and delay until first bowel motion, were similar between the MLS and SLS groups. For right-sided colon cancer, surgery time was nearly equivalent in the two groups (221.3±69.3 vs. 217.3±59.7 min, respectively, P= 0.80). By contrast, for left-sided colon cancer, surgery time tended to be shorter in the MLS group than in the SLS group (196.3±51.1 vs. 214.3±69.7 min, respectively, P= 0.23); however, this difference was non-significant.
The occurrence of surgical complications was nearly equivalent in the two groups (n=6 in both groups; P=0.60). The length of hospital stay and the delay until first bowel motion also did not differ significantly between the two groups (10.6±8.8 vs. 10.1±10.2 days, respectively, P=0.77; 4.1±3.7 vs. 4.1±1.9 days, respectively, P= 0.42). For right-sided colon cancer, hospital stay and the delay until first bowel motion appeared to be marginally longer in the MLS group than in SLS group (11.2±10.7 vs. 8.2±7.3 days, respectively, P= 0.22; 4.3±2.1 vs. 4.0±1.2 days, respectively, P= 0.32). By contrast, hospital stay tended to be slightly shorter in the MLS group than in the SLS group for left-sided colon cancer (10.2±6.9 vs. 12.4±12.6 days, respectively, P= 0.36), whilst delay until first bowel motion was similar (4.0±1.5 vs. 4.0±2.8 days, respectively, P=0.88).
In 3 patients in the MLS group, the surgery was converted to laparotomy due to bulky lymph node metastases (in 1 case) or intra-abdominal adhesions (in 2 cases); 1 case in the SLS group was converted to laparotomy due to the presence of a congenital bone disorder. In the SLS group, 1 patient ------------------------------------------------------------------------------ required an additional port due to a rectal injury. There was no mortality in either group, and there was no readmission within 30 days subsequent the procedure. Regarding oncological features, the number of resected lymph nodes, and the resection margin and tumor sizes did not differ significantly between the MLS and SLS groups.
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Discussion
The proportion of elderly patients requiring major abdominal surgery is increasing (24, 30) . It is clear that, as patients age, there is an associated increase in comorbid conditions that often complicate the perioperative management of elderly patients who undergo major surgery (24, 30) . MLS is currently considered to be safe and feasible in elderly patients, and evidence has suggested that it is not inferior to the open procedure, as it seems to be less physiologically stressful than conventional open laparotomy (24, 30) . SLS offers a potential advantage in the context of minimally invasive surgery. Reduced-port surgery aims to reduce the size and number of ports, preserving the view afforded by the laparoscope while making the surgery less invasive.
A number of reports have demonstrated its advantages in reducing the number of laparoscopic ports, including better cosmetic results, reduced postoperative pain and shorter recovery time (31) (32) (33) (34) (35) . In the current study, no statistically significant differences in short-term outcomes were found between elderly colon cancer patients who underwent MLS and SLS. To the best of our knowledge, this is the first reported case-control study involving elderly patients (mean age, 76.7 years).
The short-term outcomes in this study demonstrated equivalence with the use of SLS and MLS in elderly patients (Table II) ; the overall morbidities and number of cases with postoperative complications were nearly equivalent in the two groups. The length of hospital stay and the time until the first bowel motion following surgery did not differ significantly between the two groups when patients with left-and right-sided lesions were combined. For right-sided colon cancer, hospital stay and delay until first bowel motion tend to be shorter in the SLS group than in MLS group; however, the differences were non-significant. These findings suggest that SLS may potentially be less invasive for elderly patients with right-sided colon cancer. On the other hand, with left-sided colon cancer, although there was no significant difference, hospital stay was ~2 days longer in the SLS group than in the MLS group. A possible reason for this may be that the duration of surgery tended to be slightly longer for SLS than for MLS, perhaps related to the trimming of margins on the anal side of the colon, a procedure which tends to take longer during SLS than during MLS. It is thus likely that, if technical development is achieved in the trimming procedure, the difference in the duration of surgery for left-sided colon cancer may decrease. As a result, it may be possible to reduce the difference in the length of hospital stay.
With regard to the oncological quality of the surgery in the present study, the number of resected lymph nodes and resection margins did not differ significantly between the SLS and MLS groups; the mean number of removed lymph nodes was between 17.0 and 24.3 in each group, which is consistent with other studies (16, 17, 36) . Regarding the rate of conversion to laparotomy, the current data indicate conversion rates of 2.0-8.3% in patients when cases with left-and right-sided colon cancers were combined. The total conversion rate for the 129 patients was 3.1%, which is consistent with previous reports (16, 36, 37) .
The current study has certain limitations. Firstly, the number of cases was insufficient. It is likely that more accurate data could be obtained by increasing the number of cases and conducting an investigation with a large cohort. Secondly, this investigation involved a single institution. Since there were just two surgeons, it is not necessarily the case that similar results would be observed at any institution, and collecting cases from other institutions would produce more universal results. Thirdly, only short-term outcomes are reported, as it was not possible to obtain long-term outcomes. In order to demonstrate that SLS and MLS give similar results in elderly patients, it will be necessary to include a larger number of cases from other institutions, and use a longer observation period in the future.
Despite these limitations, the current observations indicate that SLS has equivalent short-term surgical outcomes to MLS and is oncologically feasible in elderly patients, consistently with the results of previous reports in the general population (16) (17) (18) (19) (20) (21) (22) (23) . Thus, we believe that these results justify the use of SLS in the routine treatment of elderly patients with colon cancer.
In conclusion, the current study suggests that SLS is equivalent to MLS and is acceptable in elderly patients with cancer.
